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ABSTRACT 

PURPOSE: To enhance the characteristics of a semiconductor device, 
utilizing a metal element which accelerates crystallization of Si. 
CONSTITUTION: A thin film transistor is constituted, using a crystalline Si 
film obtained by utilizing a metal element, Ni, which accelerates the 
crystallization of Si. A source region 108 and drain region 109 are 
produced with Ni by implanting ions of an element, P, for gettering Ni and 
annealing to getter Ni. For forming a P -channel type thin film transistor, 
for example, both phosphorus and boron are used; phosphorus determining the 
conductivity and boron being used for gettering. 
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[BWpb*<&bbj 

cw**i) 3WL±\zj&tffztitz&*mak-c> baas* 
to&-r&tkm7t*£ vx- v *)w i x i o" - 1 x i 

mEttStt*> u 3 >K«*«*ttBoBttBic£B-f-e 
*«Txa£, 

la«l:3X10"-lX10 ,l «f/cm , 

m**3] s«j:i;B6&»ife#84ftA?0oaA<i: 

*tt*"r«*«UE*tl/T=y^^X x 1 0"~1 x 
1 0 ' » c m' O»ST«i0 * IxfcB Att «> U a > 
R*WB?*¥BttBB©fMll;!rttK:*mT. 

«i3B$iatt->'; a >Ks*B#»a©fittBejfc»T* 

xat, 

BEBttBy-*' F W >«*fcW«»»f *XB 

fttijBBttX.*«K?ttV-X • F U-f >««icffl»£ 
ffiEB&BfcttLT. *fc7r.-;i/X 

C £ *B*tr J6¥B#»B0fMB*». 
CBJRJS4] B3WH3te*V>T, «0*y-X« h'W > 
B«fc3X 1 0"~1 X 1 CaVcm 1 ©BSTSS 

aoBB*»y-x- F u-r >«*fc»oBK«t 
Dlxio"~ixi 0"Bf/cm' B<»tt*tiT 
tr»* c 4*»Bi+**MM<EBBOfPB*tt. 
[»#JR5] B«J:lCBjft*ftfcftW8A-?*-3aAft: 
SK»*r*(tt«t7C*i:l/T-yy;i/dtl x l 0"-lx 
lO^K^/cm' OBBTBttD*n^ttAtt^Ua> 
BBWBTft*B*8B0{MC!f*fcBV»T. 
BEBAtt"> >; a >Ke«Ba¥8ffttB0BttfleA 

aB*BBttc8»rr«xa£. 

ftB-riBifeWU. 

ttEy-x- fk >Btt<fi®aftroB&i*BQB££ 

D t> B» C t tBB t * ¥«#8BOft!»^Ji. 
[W*^6] B*B6KfcV»T. *WW-X • Fl"f> 
B«i:3xiO"«'lX10"W/cm l coBffiTSS 

man. *?aj|Mty-x • F u-f >fS«KB©BB«k 

03x l o"~l x l O'-JR^/cm' &<mtai<t\T 
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2 

[W*3»7] 8«±K»«£tlfc#B»AT!0O«Afl: 
ftttft-r«B«3cBtUT=yir;p*«l x 1 0"~1 x 
1 0"lf/cffl' ©B*TSa«*nfc8Att5'»Ja> 
BfcfMTa*B*8B©fMfcMSKBV»T. 
BB8Att*> , J a >KS¥»<*BBO?SttBfcB)l®-r«. 
X8£. 

BEBttS©y-X ■ LDD««ilc 

B^Biorsxat. 
ea-rxat, 

*WT5 i fc*»afcT**MWfrBB«>fMMrtt. 
CB*«8] B*87fc*V»T. LDDB«ICjSSlniSn 
4iOlK«'4x 1 0"-7X 1 0"Sf/cm' T& 
U, ^V-^' KW^BBfcBJnSftftMeBKtf 
3x l 0"-l xi O-'If/cm' Tfcfc^iSfcB 
^T«^B«ttBOffiB^B. 

*B«r*BB7BBtUTiy^;W»l x 1 0"~l x 
20 10" B^/ c m' QBBTBffllSn&aAttS' 'J 3 > 
B*«BT*¥B<M*B©fMlJM*fc*V»T. 
WEB Btt ■> U a >B£¥B<*£B0fttili::£$'r* 

xat. 

BBBfcBOLDDBBfcBfcflSflQTSxafc, 
WEBttBOLDD«Blia*&»wrftxai:. 
BBB£BOV-X< FU-f ^BBlCBBftBBf*! 

it, 

MEBttSfcttbT, 87=.-;UXtt/»lttK7z:-Jl> 

so ttKBBtfBiraanfcmttJBKfc^T. lddbb*«d 

a8aaBI*B0BB£0«a<. • FH 

>B*©aB©B«ttLDDB«4«OBB<0»B«kO*> 
Bi>Cfc*B«i:T**MW:BB»fPB*ft. 
CB*3gl0] B*B9C«»T. BELDDBBCB 
J)0an*«©BB*MX 1 0"~7X 1 0"®f/cm 
' *oKB«C»l)DStl*«B©B«««»05» 
K*0 3xiO'^4X10"fiT/cm' B<. *o 
y-x • F W >B«icssio*nsB*o«a;*t3 x i 

C'-lxiO'^f/cm' -C»«C4:*B«tr* 
40 ¥B*8BafliB#B. 

[8*81 11 »«±CBB*tifcBBB*T*»"3tta 
<k*8!lfit*M«7n»tltZy!rMi x 1 0"~ 1 
xio"»/cm' OBBTBUDSnfcttftttJ'iJa 
>BB«B-r**B#BB©fPR*ttK*i»T. 
MEBStei' 'J 3 >ReaR«>i|i«ttBBOBttBl=j£ 
BfAZafc. 

REBttB©y-X' FH>««t, LDD8S«tlw 
«*Bl)D-r*xai:. 

50 BBV-a • HK >B«fcfflB*»DDT*l8t, 
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^ttttfiTittttETEjlStUT-y^WlXl 0"~1 
xiO"«f/cm' 0»STjStttlStlZt«5iHi->i;3 

'>fc < t * 1 ^OWI3»ttlBOL D DfMtl3MI fcS« 

» leaser* 

fflE«ttlIfc*fUT. f»7=-;i>Xtt/&tf#7=.-.>W 

>«H«oai!»0»aii LDD fiRtt*®18l5K©aa,i: 0 t> 

[«f*JHi 3 3 W^Jgl 1XI4«I#JS1 2l:*^x, L 
DDflttttRftp$tiSttaaKfi<4 x l 0"~7 x l o 
"KVcm' -CJfeO. *ott««fcaiod<a*ail*0 
0 3 x l o"~4X l CEf/cm 
' K<. 30 

v-x • H^>«*fc8ssnan*«o»flE*t3x i o 

'^lxio-'lf/cm' T*0, ftOttflMlcMO 

sft*«w©»K*i«o»««k 03xio"-ixio 
to 0 0 n 

[«9i<D*-r*fct?J#S?3 **8"Ptte. JMUBAOfeAtt 
•>'J=I>JR«;Wr«.»!Rh9>yx^ (TFT) «Pro*ft 

fc4H»T. «fftttJ/'J3>K«t^A/TU*T«« (Ni 

tt->'j3>K^ISflifl:ft!!«7c5R (Ni «) onitftfto 
[0 0 0 2] 

(fstti««t-b^5) $*rr.&«e&y< hSKs>*i*#» 

<Dh5>-7X*. fr»fc9S*Rh?:'i?X* (TFT) 50 



4*NI¥8 -3 3 0 6 0 2 
4 

«m * ni ir » * . h 5 > y x mm -t * 

***a4m-ttAttCI:*-3T. 7*JU7 7X>>'J3 
>T F T^ffitti/ U 3 >T F T tS5 J: 5 I^KgiJ^n 

n s ttSMM&ft •> u 3 > t f t t mm * n s . 

[0 0 0 31 HRe7%»7 7XKtt®*«*0«JMi 

SOT FT (PMOSOTFT) ft^HI** Z t1PC* 
l/Wi'jT. n^v*;ws!tft (NMOSODT 
FT) fc**#to*T. ffi*ti!e>MOS@B§ (CMO 
S) *»*T4itiJ«T«4K 
[0 0 0 43 -Jjf, ttAtt¥HM»tt. 7^77^*1 

WPfc*. ISatt5/lj3>Tf4, NMOSOTFT« 
tt*MK, PMOSOTFT"bW«t{56*l*OTCM 
O S ®S& Z fctfliriBT**. 

[0 0 0 53 W»iO«fttt'>U3>Wi. Stfflfiiifi 
telCi o T» & nft 7** 7 7 X •> 'J 3 >ffl&fc*S3|«ffl 

Wfe»* HBflttte o o«6U3 rj»7--^-r**\ 

[0 0 0 8J fc7=-JUteJ;*JM*fcHLTtt, 4*M¥ 
6-2 4 4 1 0 4fc82j2fi*n«. < fc5»::, = yfr;>, 
3AVUK &£. A<9£?a9Ae®5g« (BIT. ttAtt 

<k0. Dfctt£-fll3ra<0»7=.-*fc J; 

[0 0 0 73 m&Utim\t, •tolZ. ^|«sp6-3 1 8 7 
01. H6-33395 l*fc|l*d*lTt»*. ^C*. 

zo£i uttMtmnatMtmttt > 'j 3 >j»ic^ ut 

6-267980. 1^6-267989) 

[00083 doi^ttgwttt. iBfflffcflassETEjsoa 

K^4lX10 ,, ~lXlO"lS^/cm , 
ftcofflia7c*co»K«. 2*<r*>X*#«rft (S IM 

s) t«k^T. »«T«n/ia*<iiLTS«ans. ^ 

[0 0 0 93 
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t>©<7>, off «ffi<a»^W1£©»^ , fe<z>tf£<eR£tt 

OFF «8fE#HV>£ttT&<, OFF 

[0 0 1 0] OFF ««Etfti«5<tt-?fcl3x J:Sii©,k5tetf 
&t?**t£&*RHtt. R*afc*R*r*tttt5S*fc 

[0 0 11] Cti6©J:5ftWttt. »l:«ffiT^y 

*. 

[0 0 12] 

T*fii»l««€»T»fifeUfct«)l4, OFF «i)tt*«lfc«Wfi 

< (i 0DA8aEt>b<tt-tn£tT) . *o±asro±-5 20 
sett is-pe'feiJtA/if^sn^ofc. eo^stw* 

[0 0 1 33 *<on&\z&&£> Rtt=.y$r;ncttUT' 

[0 0 14] *8B©mi», ttffi<b«SJ*T*ftt»7£ 

• HU-f >a*KB*atr-f*>*. fcflO-f *> F- 
trv^S (T^X^F-^^fcirt)^) t>U<tt-f 
*>ttABHCJ:DttA.Ufcac. U7--J^L<li)t 
7=.-;!/ (fcb<tt-£n*>iSQ:£) T^ya^ReRAtt 

[0 0 15] 2 tt, ttfl.<b«:3&ft-r*»«7n 40 

gut b •> »j 3 > p a! <d*«&<8) t i^isa^ffi ?& 
mis) T5/0 3>R©RAtt©aai*«*««ttfls* 

[0 0 16] *58<J!©SS3te. HSfittSBilS-fStettETC BC 
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* *R A U fcBRtt * U 3 >R* & R * RttH © V - X 

• FK>R«KB*atM'*>*. F- 

(T^XvF-e^fcstfc^) . *L<tt 

fflftUfci'»J3>fl!>Wa«>«»KPB©1 J tt«*»tn 

L<te-t-nsPi5?> T^'J3>Blrottfttt©akS^« 

NB¥**BB& P £*W<*«B t £ £ **« * 

[0017] *»wo»4tt. «iMl:*ttft1-*tt«7E 

a*«XbfeaiMii'U 3 DD 
RRfcV-X* HK>fi*it:»6tWt>6. $ 
»]©•<*> K-tf>^tt (T^XTH-fc^RfctH 

ij 3 >Roafta©*»fc*«»©isttfl:efy3 etc 

49T, NBH»«4*«a*»*Cfc*WHtr*. 

[0018] *xa®B6t*. s*ft^sttft-r*«4«7c 

R*»AUfcRJM45'U3>R**&Jfc*fiH4R©LDD 

«ac»*atr-f*>s. *>H-K>y* 

(^XTH-Kvyatfe^i) fcb< tt-f* vac- 
ate* 0. ttAUftOt. «6t*OLDD«ai:y- 

axu s»7--;i'feu<«^7=-;v (*>u<tt**i 

T^U3>R©Ratt©aai:'FMa©Rttfl: 
fcffSCifcJ^T. P§a*i*tt£»*fc*>;:££fta 
fcf*. 

[0 0 19] #$69J©»6tt, MA41:«Ufii'ftttaic 
**»AUfcR»ttS'ij3>R*»SR*»ttR©LDD 

cacj:oTNa<kUfc5'»j3>cpa©^aa«ai 
mic^ftmu »7r:-;wt,u<«^73-ju 

[0 0 2 0] *»W©Si 7 I*. BRflstaartRRX 

st*aAUfcafttt^U3>»*»6a*»ttiK*v> 
x> JE-oLDDa«i:v-^ • Fu-f >R«fc»=a*a 

K>y»fct»V»3) *Ktt-f *>ttARfcJ:D. i£A 
U&O*. S6tC«IC^oTNS!<kbfcx'j3>(DBfa 
©B£tePB©*Ha*Ba:Ra©*aTJttAU *&7 

ij 3 >R0feAtt©aafc*tt«a«aft:ef73 etc 

^■C. n-»*±fcNH*»*ttR£PS¥«#ttB 
I [0 0 2 1] ±?3©*58W©m 1 7bS^ 7 fc4Jt»T. tt 



00 1-571434291 6=R1 PLO /- 



/05-05-23-10: 49/001-009 



( 5 ) 

7 

tO 0 2 2] «&«7C»0»«tt. 1 X 1 0"~1 X 1 0 

CUR?/ cm' A0t.»a)W<6^»*tw», ttfl<fc* 
8&fi-f*a*S»*Ct^-C#^t^ 1X10" 
M* / c m' BUiwSBBTtti' 'J 3 > fc*«MttK# 

«*#tfr& (S IMS) ICiDfl^ iHB£Ufcffl©»:*: 

[0 0 2 3] 
[3?«BJ 

qumi) tta^6a«T5tt«7c* 

©h?>S>***#J5fcU tCV-^ • H"f>fWt»C 
-*F-£>*ifci:fc<'>'5) SAUfcC-fe, »7 

U 3>»©lBIM40Bfc«£*ttto<&fiH4te*l?3 ^^>" 
T, »W4co*iifc£B4:»OFF«iiliail 0 PASS 

[0 0 2 4] *r. #5X3S« (*&»BT«3-X> 
4^7 0 5 9£*JH*) 1 0 1±ICJ»£ 2 0 0 OAOTtt 
Bffc£*«l 0 2 4:. 4 II±fcjStS5 0 OAOT 

^rXi'ga^Ki o 3€75:T7CVDfcfcJ:0 30 
sfltwicflzer*. *u-e. 1 o p pmowaxy*^ 

»«tettlWWttil*»»r*fcJ;OJ;v>. (HI 
(A) ) 

[0 0 2 5] *LT. 5 5 0X>r 4®M<DfkWT1&7- 

-frt 4C4:fc«fc9. 7*^7r^>"J3>8li o 3« 
•><; a i o s rommtwiBsn*. 40 

[0 0 2 6] 5 6 01C. 4H9WiV>5tefi (3-->V 

705 9<om*&mat&,T) . jawwcfta-e**©** 

4 1 0 4IC83£*XTV>4. 

[0 0 2 7] tt«7C*©»K«. 1 X 1 0"~ 1 X 1 0 
"Bf/cm 1 OteBBi*li:r*Ct^ff*UV». 
B83*©-> 'J 3 >K«p0<att7cSK0«Ste, 
*»'hfflTlX10"-5X10 l, ff/cm' T» 
0, d©ffitt2^<*>»ft»Wtt (SIMS) tCiO 
#*r. B£ffl©ft*BTS«Snfcfc©T*S. 50 



4*M¥8-3 30 6 02 
8 

[0 0 2 8] £©£5K:tTl#SnfcBIH£$' 1 J3>SI 
1 0 4(0!(Sfttt6S5lr»«>*fc*C« ^ttia/wau 

BflWiKr FI*^W tf*- (»fi2 4 8nm, /t 
JUX*B3 0 n s e c) fcffiEf*. I/— !f-©X*JU* 
— BRlil 0 0 m J /cm" ^SOOmJ/cm'd) 

«aTReatt->'J3>Bii 04 
w<fc*fflfcaiRU wwsfTnti. *£BB-ett. 3 

7 0mJ/cra' TW- tf-fiait*ff*3. BW»B© 

fcatfcJBWSfrS. COi:*. #BW4fc© l^lcftit 
2-2 0 2/gy h©U-tf-Jt^WSn«><t5 

fc-r*. u— t> , -jMW^©«*iia«2 0 ox:t 

-t&. (Bl (B) ) 
[0 0 2 9] ttft14S"J 3 >H 1 0 4€rftWcx 

y^>^LT. 3>«ttl 0 5 4#fl2T*. S 

7?;CVCVD*KJ:-3T&3 1 2 0 oAottfl: 

fc*j»io6*y<r M6»«tUTift«ufc. 7?xt 

J5gttW<BS«fiS«2 5 0-3 8 OX:. 3 0 0 

rtbte. (HI (C) ) 

[0 0 3 01 SI*«WT. X/ly^ttCAoT, BS3 
0 0 0-8 0 0 OA, fllA«6 0 0 0 A©7^5X<?A 
W (0. 1-2 3 >*^tr) fi*«UT, Xy 

UT, y-f h«ffi 1 0 7 (B 1 

(C) ) 

[0 0 3 1] -<*>H-t;>ySl-^-5T, 61* 

•>|J3>®1R1 0 6Cy-f Mlffi 1 0 7 feT^d^tUT 

-1 0KlC*»?£*lfc7**7<< > (PH, ) fcfflU 
4. JQ»«ffi«6 0-9 0 kV, MAtf 8 0 k V. H— 
XftJil x l 0"-8 x l 0' , IS^/cm , : MX. 
2 X 1 O'^f/cm' tf*. C<D*ftC*UT, 0t 
•f*>J43x l O'^f/cm' 0»STft«->U3> 

108 (V-^) . 109 (FW» *t»B23ft*. 
(Bl (D) ) 

[0 0 3 2] *BEA<BS»fc:«fc*i:NaifcU<ttPSl 
«3»«tt*^r*¥«i«lO^ U 3 >fitt+o»«»i 3 
x l 0"-l x l O'tf/cm 1 ©HBJCA-sTU* 
tJ;^. *f 

[00 3 3] -tLT. H-K>^6*lfc»^»*flsU. 

— y-cDX*,>V¥-ffigeW: ioo-350mJ/cm 
' . PJX.WT. 2 5 0m J /cm' it*. BW»«OB 
±EX*S/TU-if-<S>£-Atf'r 

*«<5BW*tf5. -rots, #MftMfeoiAi:&gr& 



001-5714342916=RIPLO /-= 



705-05-23-10:49/001-010 



( 6 ) 

9 

i. 2~2 0-/3'; VVV— tf-Jt*tJiWSn5J;5IC 

■t *. u— y-fiawR?o««fflsii2 o oictr 

S. *■©»» S*!?BSt+T2S#m, sso-c©*^- 

P3#£tT5*t» if^5^M-^«r»tfr^TfeJ:^. (HI 
(E) ) 

(0 0 3 4] Jft</>T. i?S6 0 0 0 A©»{fc&SRl 1 
0 «JBMtfi&fe£ LtX^X^C VDftt«fc-aT»fiJc 

»». «!*.«. ^*>£7;U53.SA©£»R£fifcR 10 
U /^-^>^LT, TFTOV-7, HH>09 
S-Eaill. 1 1 2*»«-r*. AftlC. lftff© 
**»B«T2 0 0-3 6 0 , CW|R7--;l'efT^. 
(HI (F) ) 

[0 0 3 6] mftm 2 ] *SfcjSffllTli> *i A<t©l!Sl8 
5E5R £ UT- y fr^fcifcA l/fc«Att-> U 3 >HC«M 
bfch?>S>X*©S!ttia»C**i<>T\ *©V-X' H 

U 4 6tePB©5F««-f*> <**)MlTlia*** 20 
tM , tf» *i£ALfc«. Jft73.-;l>fc b< »#7=- 
;i/ (*> L m#) T-->g3>R©ittAtt©5i:# 

[0036] *.mmm\*mmmi(Dj:m\zp$}vTmto 
3iiD*n*pfflo^iw«-f *>©K-fcr>^isirwL 30 

T©*gBi£r4. 
[0 0 3 7] *5?J80ra4, -> >J 3 h«& 
£^X*£LTP2!©TM4fc^*>iLTaBSSaA-r 

(B2H6) sfflu*. Jraa«m« 6 0 ~ 9 0 k 

V, «fl]^.«8 0 Ic V, K-Xftttl X 1 0"-8x 1 0 
"JR^/cm' . «Atf. 4Xio H RVcra' tf 

[0 0 3 8] fc*5, *iatJ:Dv/-z • H U"f >(R4t 
KttA£ttfcfflJ*©»fiStt* ©«#©»*«*>£> #© 40 
K1S««P(0-t-n*gi^fcffiK*t3X 1 0"~1 X 1 0" 
H3Vcm' <!:te*«fc5fcK-Xa4WfllSf4. 

F-tfvmroasimffiiisafcr*. £©*a*. ps 

©*!ffi«MRS8 1 0 8 (V-X) , 109 ifl 

[0 0 3 9] *IS«|«RJTt±» PSOTFT^^Kr^lR 
C, &fttt g 3 «UJfc©±-5& 

piaos»fH4«^^-r*5(;^o^ T ^<, - v erjua 



#$¥8-3 3 0 6 0 2 

10 

[0 0 4 0] C2?JfiflJ 3 1 *S?BSflJTI4. «SAfc£©fi 
-r*«4«7c*i LT3. >r;u*s»A bfc«afitt-> g 3 > 
RK«f«+©h9>5?***«Rffl»«U *©y- 

-\£>if& (T^XTF-tr^ftfcfcHS) K«fct>, 

£©N3!!*l*#iS« t P S!¥3H«£tt ttf 0 
[0 0 4 1] H2K*&ifc©TFT©f£«ixaiHT-* 

cMosa©TFT©^«xa**r. sr, H2 
(a) !c^r«t5ic, #5xas« 1 7 3 

7) 2011c *j*s?>t-mt~9.x*vmt* 

S79XTCVD8HC«fcoT. TmjRt&SttfcJlRR 
2 0 2£1 0 0 0-5 0 0 0 A, flUAtf. 2 0 0 OA© 

jpscjsSRT*. *6»c> ^/^vsiB&fcT*:/? 

XTCVDj3sfc£-3TWa 1 0 0 0 A©7 S 6;P77X5/ 

ga>«2 o 3£fl&«-r*. 

[0 0 4 2] #AB£#R2 0 3 ©afflfcifitttffc: 

*R*K*r>TBwLtt i/>ttftg*R * r < W < J^fifeT 
Z>. y £.\Z> l~3 0ppms MB, lOppraffl-y 

bT. fc«bT. =y^6#*r«IMKl2 0 4«» 
Bfe-T*. (B2 (A) ) 
[0 0 4 3] ■¥•©»» SJ»»BSIT5 5 Or, 4^W© 
7n-^*18^Ci:fcJ;»). #AXS*|ft2 0 3 ©£A 

2 0 3*^T«!©K^aJi5»2 0 2^«MB)U ±*v§-|r 

C0 0 4 43 ±IB7=-;l/fcJ;*IBAftxa©». Xe 
C 1 U— tf- (M3 0 8 nm) ftBSWbT, ttft<t« 
nte'> U 3 >«©© A14* * S $ 

[0 0 4 5] H2 (B) fc5tr«k3C ilSA'ffcS 

><s«2 0 5. 2 o e t-t-n-enjgjsr-s. *©». « 
y •> 5 > t -»<b - ejR « K«ef i -r * ^ x-r c v d 
fci-^x. »siooo A©K^sj»sa2 o 7 ty< h 
tmmtisTf&wrs. 

[0 0 4 6] HfiittViT, ^/V^fttJ:?!, 
0 0 0~8 0 0 0A, m*.tt4 0 0 0 A©7;U5^9A 
R (0. l-2X©X*>y>5A«^tJ') SfiJIRUT. 
I7f>yil l y<Hli2 0 8, 2 0 9*JBfifcb 

[0 0 4 7] at. H2 (C) (CwTcfc^l-, <^->H 
-kf>^iifcJ;t)Tv »tt^U3>««2 0 8. 2 0 9 

*n-wie*w hiaai2 o 9. 2ios^?tux, 
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XfcLT. *SKT1-1 0%\zHr&2t\lZ7*Z7<<> 
(PH, ) Jnia«El46 0-9 0 kV£U 

K-X*ttl X 1 0"-8X 1 O'^f/cm' tfn 
«J:v». **WWTtt. inif«E«8 OkViU 2X 

>#3xl CKf/cm' 0««T?A«>'U3>«« 

208. 2 o 9*n-en»cjRin«nT, Nsro5F«&flB 
«2 l 0-2 l 3jWBi*S*a«. 

[0 0 4 8] B2 (D) tfm^fc. 10 

x hovx* 2 1 4x««?£. cottar, -r*>F 
»«i/ij3>««2 o 6cpfi©**»-f *>«M«rr 

S. S&ttHWTtt, \t-\2>if1JZ£ 
LT. *JrCBXK#lRS*lfcS?#2> (B, H, ) * 
fflV>*. fttiMEti6 0-9 0 kV&U K-xaa;i 
XlO"-8XlO"«f/cm' fc'FnNM:**. 
MNTB. ftlSftEI2 8 0 kVtU K-X**4X1 

2 0 6 fcfeMT. NS07t&«<fi« 2 12, 2 1 3 <0i* 
«S*tH<BUT, PSiro^««l<H«2 1 5 (7-X) . 
2 18 (FH» *tJBSfc*n*. fltofir, USJXhOT 
X*2 1 4X««S*fc*««J«tt2 1 0, 21101 

[0 0 4 9] fcfc, £«ISC*V»T, V-X- H l/-f 
><H«2 15.21 6*(0aW8O»8EO«*tt^5. « 
«Dft*ft*0*n«l^fc*flW*3X 1 0"-lX 1 0 

[0050] **iimti*, »-<5j->s«!]ijDU/t 
asr. H2 (D> c*tj:-5k, nitftw 

fflHSfcl^XhOVX* 2 1 4TttWbTT. fliB»-f*> 
S8&i)Dl-4. -tUT, I'vX bO^X* 2 1 4£|$*L 

[0 0 5 1] WS>XKDVX*2 1 4£fifcSbfc 

«IC, El 2 (E) (Cw-Ti-Jlw, U— tf-7--;HC«k 

o, Wo*nfc^tt«i©»ttfl:***t*c. H-tr> 40 
yiiBteioa«snfcfttt->U3>««2o 5, 20 

6 ©ISfittfc Ha***. *&!B0!ITtt, NSBTO* 
««2 10. 2 1 l&tfPS0*tt<8J««2 1 6. 2 1 

6K«*<3x 1 ©"JR^/cm 1 o«sj»nnsnTv>* 
^*ty y ^ij>y*n*. u— y-^turfi. KrP 

i+i/yU-U 1 - (JS*2 4 8 nm) £Jflfr>e. -V* 

«Blt*#ttx* JHF-B«ftt 200-400mJ/cm 
' . «A»2 5 OmJ/cm' tr*&J:H. *fc. - 50 
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*»RfflC^*2-2 OS's V hOJ/-lf-^**JRIt*tl* 
*3fcT*fcJ:i*. U-if-#©BBWl90>6«Ziaffite2 

o ot:-r*. 

[0 0 5 2] U— tf-7r-;KD&K. SafSBSC+T 
2ftffl, 3 5 Ot:0iIfiT-fR7---;l'T*. 

[0 0 5 3] tt^T. GO 2 (F) K*1-<fc3fc» WS6 
0 0 OA0HMS**II2 1 6£BWl|lfi»«£L-C77X 
TCVDIISJs^TlMt*. *LT, *ra*fe*0J2 l 

**>R£7»5x£Affi©«H«fc«k?TNS!!TF 
T. PJHTFTOttffi • SBIR2 1 7-2 2 1 SJ&fifc"** 
•S. ft&H, 3 5 0t;CD*5R»HJR,tptTs 2B?MiMlS 
*f?5. (E32 (F) ) 

[0 0 5 4] EU«DI@£irts NITFT. PS1TF 
T C MO S T F T*tSS 

[0 0 6 5] CS?«W4) **M«T?I±. MAftett 
*f t UT= S/ ir;i,*aiX Ufc»Att5/ 'J 3 

1"*»*fc*V>T» y-^« FH>«*t. LDDfR 
[0 0 6 6] ©Stti''J3>l8l0^fife*T»±. ffeifiWl 

H i"f >«a«fe d D«Jfc©tste<bttSt5fi0j i Eft 

0*lfeCfle5. H3fcU--f H^*- »*«"r*LDD«l 
jSOTFTSr^f. 
[0 0 5 7] H3»;*"f ±5»r, V-^/HU"f>«« 

3 o i fc?**;HMtonet*. v-x/HK>«« 

t>T««B»K* t «l>ft»K 5 FlWl«««3 0 2«t»fiK 
0 2feLDD««i:04"5. 

[0 0 5 8] ak^JSWTtt. V-X/ H W*f >«« 3 0 
llttt, »«*ixi 0"-lxi CBT/cm' tt£ 

£xstrru«. <sais^w«jfla«3 o 2^«, 

m#4X 1 0"-7x 1 O'^f/cm' «£t£A£tt 

TS*fc«C>> SU^MT»tt©»«60**»*«t<, OFF 

[0 0 5 9] (&KS0U5) **»«TH. *3a<t:<Ofl4BiE 
S*tbT-y^ftWAUfc»iH4->'J3>IB*«ffl 
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D«StttlCPil©^*8«i'f^>4ttXb, ■€-<*>». f»7 

'j a >K<oiaflttoBfe»i^«i«BOffitt<h€fT5 c t \z 
*?T, B1#tt0Pg*i*fcSll«»*;&i££SjVr. 
[0 0 6 0] XSttS?ife0!J4tia«[§3filT»'6. 
&li> LDD«* (215-216) 8i£fC, 10 

3«£T. 3X10"-3X10 l, Rf 
/cm* ffl**iJBiDSft-C. LDD«*^NfiA>e>PiJ 
KSIELTV**. te*5> LDD«tt«p©B5*<D«Ktt3 
X 1 0"~3X 1 CB^/cm' ft&. V- 

xoi2) -Hu-f>(3i3) mmz\is m®Kt> 

OK, BSJJW3 X 10"-lxl 0"lf/cm' 12 if 

[0 0 6 1] LDDtsummtx&mommtv-*/' 

KU-f ><R«>c*io**a*»ro?aSit)"fc2~4ffiaflE 
'hS^fcfc. LDD««*NS*^Pl!irES$-W:S» 20 

0 &*. l 

DDflR«*NS!*SP2!»C£85aF1*5fc»l;:tt, LDD 

^ttisifi+ro-tnesK^teffi^s x 1 o"-3x 1 o 

"JET?/ cm' £te4«fc-5fcWfflr*-*. 
[0 0 6 2] *3?J8^JTtt. PSOTFT*^S!iT*IR 

ft, AO*? iT.fcCWi©tf&3t0'>?i[:^TFT*f1s 
[0 0 6 3] CfSJSflJ 6 ) *SliS0dTtt. 8S«rt:©<tt« 

HK><aai:LDD1H«a:ll«*^tJ'f*> 
'Aton^^s (T^X^F-K^ii 40 

£t>V>5) »C«fc0, fcAbfefciS, 461CV-X' 
-f >«« t L D DAWK t \Z P ai<D^«S«r-f * > A 

[0 0 6 4] X8tt5IJfi^j6 ft&S 
(2 12) • Kl"f > (2 1 3) fla«(C, 8 

*tt*.*»aeTansif^3x i o"~i x 1 o"«^/c 
m'tiirBASftru*. afc. lddssi« (215- 50 
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2 16) lZt>> S>£ffl*.*»KTfflB»tf3X 1 0"-4 

xi0"JS-f/cm' »£Ti£A3ftT^£. 

V-A- *M>tW. LDD««&*tNS*6P3!C 

[0 0 6 5] c©/iJ6tli, y-x • HK>fK*tett 

«P©*ft«3IW5:«£#3X l 0"-Ul 0"IS^/ 
cm' fcfc*J:?lC, *£. LDD<H«te£ASftfc8B 

3|Ufcffifi*t3X 1 0"-3Xl O'^f/cra' £fc 

[0 0 6 6] **J80IJT»*. PfflOTFT«fP8l|-r*B 

PBO»«tt*f*4r*^«*©*"Ca:<» =y^r;i/& 

1"* SSl»fctttt#«ft. *>3*T- 

r t tttttotf e. -3 * ©'>fcv> t f t s ambit * z t 

[0 0 6 7] CSSlSfll 7 ] *£IS0!lTf4, NS!»JK h 7 

BI4lC*&iS{f||£wT. sr. ±®fcT*ftH*^)52Lfc 
*?XSS (3-->^7 0 5 BXB1 7 3 7) 4 0 1 
±fc. ^^XvCVDfelC.fcDKtt (IH) ro7^;U7 
TX->U3>Bt*5 0 0 A©J5SICfili)RbT, TttKt 
bT(Mba*«4 0 2 2 0 0 OAOJSSfcJSJMB 

[0 0 6 8] 'A\Z, 7 j e;i/7rX->U3>aR4 0 305* 

^<»<*flc1-5. CO»<bKJ:0. 7^7rX>>'J 

3>asi4 o 3o«®^tt*tBfc»$n*. xe>a 

- hfttri 0 . 1-3 0 p pm. M!U£> 10ppm(7? 

Hfttn->yjH4 o 4*jB)ar5. 

JI4 0 4H^nt/BSfifeUTU5i»4Cfii5/kVi. (B4 
(A) ) 

[0 0 6 9] S«5PB8ftT5 5 OX:, 4^M© 

!»7=.-;H£iifiLT, 7*JP7r A->»J3 >K4 0 3S 

te&itts. nm&miz&o, nm-virhm* o 4^ 

7^7tX^U3>JR4 0 3 03tffifr$T&©»rt:3£ 
#BI4 0 2^ffi»f5»C^-3T. 7 J £;i/7rXv'ij3> 
B54 0 3©»8flj£fi*tiatTT*. MifiYbXSroittT». 

i/— y-3t*R8»tT. ^afbsnfc->'j3>i8io3i©s 

[0 0 7 0] =.yy;K»©4JB7c»JiU x 1 0" 
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tDWmfflt* lxifl'^ixiO'^T/cm 1 © 

yyjVBfle. LTfc 
<. 

[0 0 7 1] «ft<kSnfc>"J3>«*Xry^>^L 
T. 04 (B) CSRfJ:?H. ft«->ijD>ffi«4 0 
5. 4 0 6£#fiTrS. »t<>U3>IR4!4 0 5«N9 10 
TFT©«ttB**j*U to^ft*->'J3>ffli«4 0 6 
14 P SIT FT ©?S14H *Bfi2T* . 

[0 0 7 2] y^XvCVDJSICkOW* 1 6 

0 0 A<D»^a*«4 0 7 X/Xs/* 

i*icj:d7*5=*ab*4 o o oAojpaKitirr 

*. COT^S-'^ABltty'f f*ffi4 0 8, 4 0 9 S 
26*. '<D7;P5r.0A«ICtt^ ^i&X 
*>S>7A*0. 2wtfWStT, kdym^^ 

* - atf&srf * © «tqnnf 5 . 

[0 0 7 3]&fc, 7*5x7 AR*«#«*T»«K 20 
flsUT, SffifcBwLfetMft«fc»ffiSMtK£l 0 OA 
S*0*3fc»tf U. *0*ffft»MMSlUlC. 7* 
hUS>XK©T**4 1 OfcfcfigUT, 7*SX7.£>K 
*A*-X>yUT. yi*httfij4 0 8, 4 0 9SJBI& 

[0 0 7 4] H4 (C) K3tTJ;3fc, 7*hUi>*l> 
©TX£4 1 0*«ttfc**T, y-f h«ffi4 0 8. 4 

o 9ftH«»a*{fc"r*. nmmm\z\t. ?i>a. -> 

ifi. ?DABX»«fcB£3-2 0K£*Lfcttttig 

HE, *VH«ffi4 0 8. 4 0 9©gBfc7*M^Xh 
©tx* 4 1 0 fcHmLfeb4M&MttfcM*t#&'*' 
y-f httffi4 0 8. 409 ©<M®©*C£?IK 
©»ffiK<fc«j4 11,41 2tfftj£Sn*. Z<D&7LE 
©HMEB{ttt4 11. 4 12 ©0Jfiii«8r<£»ae^«<83 
«* (LDDflKtt) ©fiSSfcSStl*. ;:©5KftHBBt 

BTtt. »LKORHntfl:«4 11, 4 12*7 0 0 0 

[0 0 7 5] 7*f«U-7*h©-=?*£4 1 O^jcU^ 40 
h«ffi4 11,41 2*»fi6»<tbT. 
tt&TBB&B&ftftflU 0 9. 4 1 0 * 

3 7>*X7*TPH6. BC+»lyTB 
fflT*. <H4 (D) ) 
[0 0 7 6] *tC, £*LK<D|»ai&<fc4»4 11,41 
2. fttfltS&MHMb*4 13,41 4mi?l:L 

T. »<ka*R4 0 7*x y ^>ytT, y<rMMM 

4i5. 4i e***ueti-r*. iyf>mtt-n 

6 ©»ffi8tfb& 4 11-41 4ftXy*>4ntf. K<b 60 
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J£»R4 0 7©*£ly? i >4>'3JU&T3Bfttf. 7x«y h 
Xy^>yj4T"t>. H5'fXsrf>jrttfl)V»m»l 
UTtJUr*. **J8*IT»S. C1F, ^tfflutK? 

r*. 

[0 0 7 7] B4 (E) B»L«V>flk0 
ftHMSBMbfc. *7LK&Mft<!:tt4 11. 4 1 2£«g 
*fc|»£T<&. B^U&^B&BtttttefcWtrts^r 
-7yBTPfc*U *JLjt©»«ttfl5fcl4 11, 4 12 

4. *fl.H©B4HM:*4 l l. 4 i 2 

**fcs6. MtCVBH&MM:4fe4 13, 4 1 4*tx 

[0 0 7 8] *E. y-fh«ffl4 0 8. 4 0 9*7^^ 
fcLT. -f *>K-e>yftK£0. *tt->'j3>4 0 

5. 4 0 6ic*M«*ttA.r«. ttUMTi*. *r» 

SttAfftfcafc, l*-K>y*XlC*»Tl-l OX 
fc**l,fc7>rX7.f > (PH3) €JBV>*. H 

-vf>y»ojMRa«ttB»tr*. £©»#, y-n» 

«6»IR4 16,41 6*t*B«fcT**fcUT«trt-6 
DQ3QJE. K-Xft. K-fcT>yiI]ft«© h*- 

[0 0 7 9] H-tf>yiCJ:r), ft^'>U3>l!B«4 0 
5, 4 0 6 C:*3^T. SBA<BlfldnTt>SfiM>itt& 

si:»-f*>*<ttxsnx. NS(©iB»«^tt«s««4 

1 7-4 2 owe/****. cn6NSOSj»fi5plW#) 
««4 1 7~42 0liTFT«';-Vt<K>(B«i 
ft*. y<h«ffi4 0 5, 4 0 6 ©HT©«H«I4 

0H*»W5ASftftHfc©. ^**;HBj£fH«4 2 

1,422 wBStsn*. sic. y< mmum 1 5 , 
4 1 6o*ica^nTusiH«ia, *H*>*ty< h»e 
»«4 1 5. 416 tjtsn*ft*t. «©axa**/h 

* < . NttOfflMETOMMM 4 2 3 - 4 2 6 rtt*BJ5*£ 
n*. (B4 (E) ) 
[0 0 8 0] fc*$, ±J5WH-bf>yxet43^T, m 
-f *>©»«#. NSll©HB«*«i«J«Stt4 1 7-4 2 
9l:«V>X3X10"~lXlO"I?/cm' ite-S 
<fc?lC, 5»C. <&ffla^!W«&1««4 2 3-4 2 6Hfclr> 
T4x l o"-7x l 0"IR?/cni' tftS«k5lc. 

[0 0 8 1] B4 (F) Ui>XM 2 7Ttft«U 

T. y^-->yUT, PaJTFT£ft5ffl!^(DUyX 

K-li^yff^iLT, *5ST5%lc*friRS*ife^ 

(b, h. ) *fflv>*. <*>H-t:>y^cos 
saustistatrs. cokss. »«^'j3>ia*s4o 

6fciil/»T. NSlOias»a5FWtem«t4 1 9, 4 2 0, 
a^NSro<g»ffi^«4*»«Sl«4 2 6. 4 2 6 Ji-tia-en 
«*S!*<K*gLT. PfflO»B8E^tt%(H«4 2 8 (V 
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-X) . 4 2 9 <KU«f» . &tfPffl<&te»l*^iW4& 
«*4 3 0, 43 1ifc*. Uv>*h4 2 7T« 

**tlfcBBB7Ntt«tt4 1 7 (y-*) .418 
( H U'f » . »^ffi»ar^«*ffi«4 2 3. 4 2 4 © 

[0 0 8 23 fc*$. V-X • HU-OfflMat&fcPSl 
©K»«*«4&««4 2 8. 4 2 9 te*»t»T, 8SB<0» 
S*taRfRl«tfiO«>cD»S J; 0*3X1 0"~1X10 
"BVcm 1 »<. Pfi<&«»fiT«*MS«4 3 0, 
4 3 1 lCfct*T, B£«>BS£f««>ftK£ 0 3 X 1 0' 1 1 
-4X10 l, lf/cin l »<fc*J;5fc:. H-t:>^ 

[0 0 8 3] *IC, UyXhO"7X*2 1 4£|$£Lfc 
H 4 (G) IC^T^IC, 1/-+F-7--MZ*. 

^ia^ioa«*nfc*tti/U3>iiB«4 0 5. 40 

[0 0 8 43 ttftttMTIl. Nffljltf PBGV-X/K 
H>4 1 7, 4 1 8. 4 2 8. 4 2 91:12^1X1 
0 1, -lX10"If/cm' ©»STffiASn. s 2 

NB&tfpaottBKTOMirfMU 23, 424. 

4 3 0. 4 3 2(:a»*MX10"'v7xlO"If/ 

cm* »«m*.sttTu*£«>> w— tf-ftwwrs 
ana. 

[0 0 8 53 U— y-^tUTfi. KrFi*->V^ 
If- (ifi*2 4 8 nm> *«(r»fc«*Ktt, ny^ft 

y 9 u >y-r«fc*ictt, 1^— y-^wRa» 

*#ttx*;i/¥-ffi£*t2 0 0-4 0 OmJ/cirf . 

2 5 OmJ/cm' Xfc, -?W9r 3 

(=5*2-2 0 5/g y hOl'— tf-**iBtt$*lS <fc5 

tef*i:J:V>. y*-3toBaw-»os*ia*f42oo 

[0 0 8 63 U— Jf-7=-*©tlte, S*J?B»«PT 
2»B» 3 5 0tO«iaTj»7=-^r«. fc*, 

9fcLfc**. u— y-7--;i/. j»7--;Ki?i->rti*» 
[0 0 8 71 04 (H) twtiifc, WSlwmOK 

flammi*«i«iMui4 3 2fcUT^XTcvDtfefc 4 

T, ioa^^^-M:, ftBftff. 
&7;i>SsSA«>#B»fc,fc»). y-X/KUf>0* 
S. IBB 4 3 3. 4 3 4. 4 3 5eBA-r«. BBC. 
3 5 OXJWJKBBBBI'fcfcHT, 2B?|BJ©8DS&fflSifc 
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f?9. 6UOISWC, CMOS»BS5>yx3'*t 
^JSJcStl*. (04 (H) ) 
[0 0 8 83 *&. *BM«Ttt, B<f*>*»»l,fc 

»#»4. 02 (D) C*?\fc9fc, NfflTFT© 

B«£Ui>Xh4 2 7TBBUT. *B'f*>eM0l' 
4. *LT» WS>XM 2 7*RMsLfc«fc. «f*> 
BBBttllXJ^. 
0 (0 0 8 93 

l/fcttftttS'U:>>BBBV>Tfe. OFF«Brt<<a<. 
[0 0 9 03 Bfifc*toST4tt«5EBiLT=: 

i*. n-s«J:i:ftft0flHM«*r«R?*££r 

0 ±i;**»6T**. i©*5fc*$-ttWCTFT»ft 
i?T, #BWttlB±*&&BT**£« 

ten*. 

[BB0BB&KH] 

[si 3 bbmi. 2o»anh7>i'x^«>^8Jia 

[IB 2 3 BM«3cDB«hy>5>X*©fMJXSBT 

[B3 3 ££B4eBtth?>S>;**®M&BTft 
0 *. 

IB 4 J '£BB7OBKh9>£?;i*0>f*flXfiB? 









C**CDRB] 




1 0 1 






1 0 2 




T«iH 


1 0 3 






1 0 5 






1 0 6 




7W hfUHR 


1 0 7 






10 8. 


2 1 2 


y-*«tt 


10 9. 


2 1 3 
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Defective images within this document are accurate representations of the original 
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□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



Qblurred or illegible text or Drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

□ lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 
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As rescanning these documents will not correct the image 
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